Importance-Pay for performance is intended to align incentives to promote high quality care, but results have been contradictory.
Results-Mean (standard deviation) total payments over the study were $4,270 ($459), $2,672 ($153), and $1,648 ($248) for the combined, individual, and practice-level interventions, respectively. The adjusted change over the study in patients meeting the combined blood pressure/ appropriate response measure was 8.84 percentage points (95% confidence interval [CI], 4.20-11.80) for the individual-level, 3 .70 (95% CI, 0.24-7.68) for the practice-level, 5.54 (95% CI, 1.92-9.52) for the combined, and 0.47 (95% CI, −3.12-4.04) for the control groups. For medications, the change was 9.07 (95% CI, 4.52-13.44), 4.98 (95% CI, 0.64-10.08), 7.26 (95% CI, 2.92-12.48), and 4.35 (95% CI, −0.28-9.28) percentage points, respectively. The adjusted estimated difference in the change between the proportion of patients with blood pressure control/ appropriate response for individual incentive and control groups was 8.36 percentage points (95% CI, 2.40-13.00; P=.005). Use of guideline-recommended medications did not significantly change compared to controls, nor did the incidence of hypotension. The effect of the incentive was not sustained after a washout.
Conclusions and Relevance-Individual financial incentives, but not practice-level or combined incentives, resulted in greater blood pressure control or appropriate response to uncontrolled blood pressure; none of the incentives resulted in greater use of guidelinerecommended medications or increased incidence of hypotension compared to controls. Further research is needed to understand the factors that contributed to our findings. Trial registration-NCT00302718; www.clinicaltrials.gov
Background
As part of the Affordable Care Act, the U.S. government has introduced pay for performance to all hospitals paid by Medicare nationwide. 1 The New York City Health and Hospitals Corporation recently announced a performance pay plan for physicians. 2 These and other value-based purchasing systems are intended to align incentives to promote high quality health care. 3 Evaluations of the effectiveness of pay-for-performance programs directed at hospitals have shown contradictory results. [3] [4] [5] The Premier Hospital Quality Incentive Demonstration showed an increase of up to 4.1 percentage points in processquality measures during the first two years, 6 but these modest gains were not sustained. 7 Moreover, risk-adjusted mortality in the same program showed no improvement. 8 In contrast, recent studies assessing outcomes of hospital pay-for-performance programs implemented in the United Kingdom on a wider scale, with larger bonuses, and with different approaches to quality improvement, showed clinically significant mortality reductions. 9 Enhancing the face validity of these findings, these reductions were concentrated among hospitals that also showed the best process-measure performance.
Evaluations of incentives targeted at individual physicians and physician practice teams (i.e., clinicians, nurses, and support staff who deliver health care) also show variability. [3] [4] [5] A Cochrane review of incentives to improve the quality of primary care found that six of seven eligible studies showed a statistically significant positive effect, but the authors encouraged caution in interpreting findings due to design limitations and generalizability concerns. 4 Thus, many questions about pay for performance are unanswered. 4, 5, 10 Given the implementation of the patient-centered medical home and models of accountable care, 11 the effects of financial arrangements that reward health care practice teams will become more interesting to payers and policy makers. 12 We are not aware of other multi-site randomized trials of pay for performance directed at both physicians and practice teams. Therefore, we designed a cluster randomized controlled trial to test the effect of explicit financial incentives to individual physicians and practice teams for the delivery of guidelinerecommended care for hypertension in the primary care setting.
Methods

Study design and randomization
Characteristics of the study hospitals and detailed trial methods were published elsewhere. 13 Research assistants at the Houston coordinating center enrolled a minimum of five full-time primary care physicians from 12 hospital-based primary care clinics in five Veterans Affairs (VA) Networks. Then, the clinics were randomized to one of four study groups: (1) physician-level (individual) incentives; (2) practice-level incentives; (3) physician-level plus practice-level (combined) incentives; and (4) no incentives (control). We cluster-randomized by hospital to avoid contamination of the intervention; all participants at a hospital belonged to the same intervention group. 14 Randomization was constrained on teaching status, geographic and clinic location, and participation in the Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack Trial (ALLHAT). 15 A data analyst assigned a uniform random number to each of the possible allocations using SAS version 9.1.3 (SAS Institute, Inc, Cary, NC) and selected the one with the highest random number. At the six hospitals randomized to receive a practice-level incentive, physicians could invite up to 15 non-physician colleagues (e.g., nurses, pharmacists) to participate as part of their practice team caring for hypertensive patients on their panel. Also, to meet the physician recruitment goal of seven per site (to account for attrition), we enrolled additional eligible physicians following randomization. The study was approved by the institutional review boards of all participating institutions. 16 All participants provided written informed consent.
Interventions
Education-Participants attended webinars beginning in February 2008 that reviewed the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) guidelines. 17 Participants were also informed of their study group assignments, the study measures and financial incentive amounts.
Financial incentives-The intervention phase included a four-month performance baseline period (August-November 2007), and four consecutive four-month periods, starting in April 2008. Following the end of each period, chart abstractors at the Houston coordinating center who were blinded to the study aims and study group assignments collected data from electronic medical records for 40 patients with hypertension randomly selected from each physician's panel. Participants who were absent for four or more weeks during a given four-month performance period were not eligible to earn rewards for that period. Practices could replace non-physician participants who withdrew during the study. Intervention group participants received up to five incentive payments in their paychecks approximately every four months and were notified each time a payment was posted..
Audit and feedback-Customized audit and feedback reports detailing performance for each period and the next period's performance goals were posted to the study's secure website. After the final feedback report in April 2010, we followed participants for a 12month washout period in order to determine whether the effects of the intervention were sustained after the incentive ended. We then collected data for a four-month post-washout performance period, May-August 2011.
Study measures and rewards
Participants earned incentives for (1) achieving JNC 7 guideline-recommended blood pressure thresholds or appropriately responding to uncontrolled blood pressure (e.g., lifestyle recommendation for Stage 1 hypertension or guideline-recommended medication adjustment), and/or (2) prescribing guideline-recommended antihypertensive medications. The directors of the participating hospital regions contributed $250,000 for the incentives. Results from simulations using pilot data and accounting for estimated improvement rates showed a maximum per chart reward of $18.20; $9.10 for each successful measure.
For the practice-level payments, the aggregated earnings of the physician participants were equally distributed between the physician and non-physician participants in the practice team. Physicians in the combined incentive group received their individual-level performance payment plus their practice-level share. For example, there are seven physicians and three nurses at a site receiving the combined incentive. If we assume each physician meets both study measures for all 40 charts reviewed ($9.10 per measure * 2 measures * 40 charts * 7 physicians) in this hypothetical case, the practice's total incentive earning is $5,096. For the 10 member practice team, the per member share is $509.60. Each nurse would receive $509.60, and each physician would receive $1,237.60 ($509.60 team share plus $728 for a perfect individual performance).
Sample size
We adapted an algorithm by Donner and Klar to determine study power. 18 As is standard in such trials, the participants were contained within the units of randomization (clusters). In this study the participants were primary care personnel and the clusters were VA hospitals. We used estimates of the intraclass cluster correlation of 0.39 for appropriate medication and 0.14 for blood pressure control obtained from pilot data. Equal cluster sizes were assumed to obtain a minimum cluster size. The Donner and Klar algorithm calculates a minimum cluster size and number of clusters using an iterative algorithm based on the noncentral t-distribution. Application of the algorithm yielded a result of three clusters per group and five physicians per cluster with a minimum of 40 patients per physician with a 95% significance level and 80% power to detect a difference of 17 percentage points between an intervention and control group for appropriate medication and 15 percentage points for blood pressure control. A target minimum of seven physicians per cluster was used to account for attrition. 19 
Statistical analysis
To evaluate the adequacy of randomization, we tested for differences in physician characteristics across the groups using chi-square tests for binomial variables (or Fisher's exact test when cell sizes were less than five) and the Kruskal-Wallis rank test for continuous variables. We performed a repeated measures longitudinal analysis using the hospital as a random effect. The unit of analysis was the physician. The analysis approach was intent-to-treat; physician performance was evaluated according to the group to which their hospital was randomly assigned. We evaluated the effect of incentive type for each outcome: (1) each incentive group versus the control group; (2) individual-level incentive groups versus the control group; and (3) practice-level incentive groups versus the control group. The goal of the analysis was to evaluate the rate of change in the proportion of patients who met the study measures over time for the intervention group physicians. 20 Models were developed independently for each incentive type and each study measure. Using an approach described by Cheng and colleagues, 21 we constructed a maximal model using scientifically relevant covariates selected a priori, and then performed backward elimination to delete variables with P values ≥.05, arriving at our final model. The maximal model allowed us to evaluate both the covariance structure and the list of covariates for inclusion in the final model. Maximal model covariates included characteristics of the hospital where the physician practiced (teaching hospital, ALLHAT site, located in northern versus southern region of US), physician demographic and practice characteristics (gender, race, and years practicing since completing residency), characteristics of the physicians' patients sampled for analysis (mean age, percent male, percent black, and percent diabetic) and whether the physician had reached the ceiling value for the study measure in the baseline period. Also, the models included the covariates of time, the effect of the intervention, and the rate of change of the effect of the intervention over time. In addition to the primary study measures, we evaluated whether the physician made any medication adjustment (i.e., not solely guideline-appropriate changes).
Because the patients for analysis were randomly selected from a physician's panel at each time point, time-dependent covariates were used. A ceiling value calculated using the Achievable Benchmarks of Care methodology 22 was included in the maximal models because we expected performance to "top off" at some value before reaching 100%. Ceiling values were 95.0% for BP control or appropriate response to uncontrolled BP and 78.3% for guideline-recommended medications. We also determined whether any site-to-site variation existed and included the facility (cluster) as a random effect as necessary. We evaluated final models using a two-sided t statistic with 95% significance and adjusted for multiple comparisons using the Benjamini-Yekutiele method. 23 As a check against overfitting, we conducted a bootstrap analysis in which each physician's patients were resampled and the analysis was repeated 1,000 times.
We tracked participants' engagement with the study website. We compared viewing of the baseline or the first intervention period's audit and feedback report between intervention and control group participants using Fisher's exact test.
To evaluate performance following the washout, we performed a linear analysis with clustering by hospital with the post-washout performance rate as the dependent variable and the final intervention performance rate as a covariate. We evaluated the effect of each type of incentive and developed the models independently using backwards elimination.
Using data from automated processing of structured fields from electronic health records, we evaluated the incidence of hypotension among all patients with hypertension who had at least one primary care encounter between February and May 2009. We looked four months from the patient's encounter to identify low systolic blood pressure readings (defined as an outpatient systolic blood pressure < 90 mm Hg) and/or an outpatient diagnosis of hypotension.
All statistical analyses were performed using SAS software version 9.3 (SAS Institute, Inc, Cary, NC).
Results
Participant and site characteristics
Between February 2007 and April 2008, 83 VA primary care physicians and 42 nonphysicians members of practice teams (e.g., nurses, pharmacists) were enrolled from 12 study sites ( Figure 1 ). Feedback reports displaying participants' baseline performances were provided starting in October 2008. Eight participants withdrew before the first period's feedback report and payment; seven left the primary care setting or their facility, and one withdrew for a personal reason. After participants received intervention components for the first performance period, an additional physician left the primary care setting. Nine nonphysicians (e.g., nurses, pharmacists) from four sites left during the intervention period and three new non-physicians (e.g., nurses, pharmacists) were enrolled. The 77 physicians who contributed at least two periods of performance data were included in the analysis. We completed post-washout data collection in April 2012 for the 55 physicians who remained enrolled by the end of the washout period.
Amongst physicians who participated in all five performance periods, the mean (standard deviation) total payment for physicians over the course of the study was $4,270 ($459) in the combined group, $2,672 ($153) in the individual group, and $1,648 ($248) in the practice group. There were no significant differences in the distributions of physician gender, race, years practicing since completing residency, or patient characteristics (Table  1 ). There were significant differences across groups in characteristics of the hospitals where the participants worked, including whether they were teaching hospitals (P<.001), whether they were ALLHAT sites (P<.001), and whether they were in the southern or northern US (P=.04).
Rewarded clinical measures
In unadjusted analyses, the proportion of patients either with controlled hypertension or receiving an appropriate response increased for each incentive group over the course of the trial (Figure 2a ). The adjusted estimated change over the study of the patients meeting the combined blood pressure or appropriate response measure was 8.84 percentage points (95% confidence interval [CI], 4.20-11.80) for the individual group, 3.70 (95% CI, 0.24-7.68) for the practice group, 5.54 (95% CI, 1.92-9.52) for the combined group, and 0.47 (95% CI, −3.12-4.04) for the controls. The adjusted estimated difference over the study in the change between the proportion of the physician's patients achieving blood pressure control or receiving an appropriate response for the individual incentive group and the controls was 8.36 percentage points (95% CI, 2.40-13.00; P=.005; Table 2 ). Thus, a typical study physician in the individual group with a panel size of 1,000 patients with hypertension would be expected to have about 84 additional patients achieving blood pressure control or receiving an appropriate response after one year of exposure to the intervention. After accounting for multiple comparisons, this remained significant at the 0.05 level. Significance was confirmed by the bootstrap analysis. Site-to-site variation did not have a significant effect on the modeling results.
Over the course of the trial, unadjusted guideline-recommended medication management increased by the final intervention period compared to baseline in all study groups ( Figure  2b ). For the individual, practice, and combined incentive groups, and the controls, the adjusted estimated change over the study of the physicians' patients meeting the measure was 9.07 (95% CI, 4.52-13.44), 4.98 (95% CI, 0.64-10.08), 7.26 (95% CI, 2.92-12.48), and 4.35 (95% CI, −0.28-9.28) percentage points, respectively. While the use of guidelinerecommended medication increased significantly over the course of the study in the intervention groups, there was no significant change compared to controls ( Table 2 ). In adjusted post-hoc analyses assessing any medication adjustment (either to start a medication, add a medication, or make a dose adjustment) over the course of the study for the individual intervention group and controls group was 15.36 percentage points (95% CI, 0.20-28.41; P=.05). For those in the combined incentive group, the difference was 14.80 percentage points (95% CI, 0.00-27.11; P=.07) (see eTable).
Audit and feedback
Far more intervention than control group participants viewed their feedback reports on the website, [66 (67%) versus 5 (25%) respectively; P=.001], suggesting that participants were aware of the relationship between performance and rewards.
Post-washout performance
In a model adjusted for geographic region, physician race, and comparison of performance in the final intervention period to the post-washout performance period, there was a significant reduction in performance in the combined measure of blood pressure control or appropriate response to uncontrolled blood pressure in each intervention group compared to controls (Table 3) . Therefore, the effect of the intervention declined significantly after the incentive was withdrawn.
Unintended consequences
In post-hoc analysis, patients cared for by intervention group participants were no more likely than controls to have hypotension (164 (1.2%) versus 54 (1.4%) patients respectively; P=.18).
Discussion
In this cluster randomized trial, we evaluated the effectiveness of pay for performance in primary care settings for a common, chronic condition. We tested incentives targeted at individual physicians, health care practice teams, and a combined incentive to both the individual physician and team. We found that physicians who were randomized to the individual incentive group were more likely than controls to improve their treatment of hypertension as measured by achievement of blood pressure control or appropriate response to uncontrolled blood pressure. Thus, a typical study physician in the individual arm with a panel size of 1,000 patients with hypertension would be expected to have about 84 additional patients achieving blood pressure control or receiving an appropriate response after one year of exposure to the intervention. While the use of guideline-recommended medications increased significantly over the course of the study in the intervention groups, there was no significant change compared to controls. We also showed that those in the individual incentive group were more likely to make antihypertensive medication adjustments in response to uncontrolled blood pressures. Enhancing the face validity of our findings, participants in intervention groups were far more likely than controls to sign into a secure website and view their performance reports. And similar to a report from Kaiser Permanente, we found that the effect of the intervention was not sustained after the incentive was withdrawn. 24 Although concerns about over-treatment have been cited in criticisms of pay-for-performance programs, we did not find a higher incidence of hypotension in the panels of physicians randomized to the incentive groups.
Some might consider the magnitude of the incentives small. The mean individual incentive earnings over the study represented approximately 1.6% of a physician's salary, assuming a mean salary of $168,000. 25 However, the budget that VA administrative leaders allocated for the incentives was a reflection of their "real-world" constraints, enhancing the generalizability of our findings. Also, the final amounts of the incentives were similar to those recently announced by the New York City Health and Hospitals Corporation for primary care physicians, for 13 measures, rather than a single, performance measure, 2 meaning that the incentive we used for a single condition (hypertension) was proportionately greater..
What aspects of the design and implementation of our study may have contributed to our findings? First, our measures are meaningful process measures to clinicians. Second, we measured and rewarded actions mostly under the control of physicians and their practice teams. 26 Because blood pressure is not completely under the clinician's control, we rewarded a combined measure of blood pressure control or an appropriate response to an uncontrolled blood pressure (a so-called "tightly-linked" measure). 27, 28 Third, responding to an abnormal blood pressure is a discrete task, as opposed to complex problem-solving, such as diagnosing the etiology of abdominal pain. Fourth, we rewarded participants for their absolute rather than relative performance, avoiding a tournament or competition; participants received a pre-specified financial incentive each time they met a performance measure. 29, 30 These aspects of our study enhanced the salience of the incentive rewards. Lastly, we combined clear audit and feedback with an incentive. 13 Monetary incentives might amplify the positive effects of performance feedback reports. 31 Bandura's selfefficacy theory states that incentives work by piquing an individual's interest in a task, leading to greater effort at performing the task and ultimately to an increased sense of selfefficacy. 32 We found that intervention group participants were much more likely than controls to view their feedback reports, suggesting that those who received financial incentives demonstrated greater interest in their performance than those who received audit and feedback alone. 33 This suggests that incentive-based interventions and audit and feedback interventions could be synergistic. The goal of the incentive is not to coerce an individual into performing the requested task but to increase their interest in their performance of the task, overcoming clinical inertia. 34 Unexpectedly, performance gains did not hold after a 12-month washout period, during which we avoided prompting or interacting with participants. Although performance did not decline to pre-intervention levels, the decline was significant. While we speculate that the cessation of performance feedback information may have contributed to the performance decline, further research should elucidate why this phenomenon occurred.
The VA system has a nationwide quality monitoring and assessment program for primary care and chronic conditions, and a culture of performance improvement. As reported by Sutton et al., 9 the cultural context of the performance rewards may be a significant contributor to their effectiveness. Although these contextual factors may have enhanced the likelihood that our intervention was effective, the high baseline performance of VA health care physicians with blood pressure control rates of approximately 75% 35 may have created a "ceiling effect," whereby gains in performance were more difficult to achieve than they might be in the non-VA setting. Therefore, the improvements might have been greater in a system where baseline performance was lower.
Given that health care organizations are restructuring to implement the patient-centered medical home, 11 we assessed the effect of rewards to health care practice teams. We hypothesized a priori that incentives to practice teams would be effective, but we did not find significant effects of either the practice team or the combined incentives. Our interviews with participants suggested that the integrity of the team construct may have been impaired at some sites, perhaps dampening the effectiveness of the practice-level as well as the combined incentives. At two of the practice-level incentive sites, participants noted that they did not know who else was in their practice. At one site, non-physician practice team members were moved to different clinic locations, preventing them from working as a team. Participants also noted the importance of a team in improving hypertension management, yet confirmed that the team structure they were under was rudimentary (prior to the implementation of the VA Patient Centered Medical Home known as the Patient Aligned Care Team (PACT)). 36 Thus, it is possible that, had the PACT structure already been in place, the practice-level and combined incentives would have had a greater impact.
Despite concerns that baseline performance and team cohesion might have dampened the effect of the interventions, several aspects of the VA health care delivery system made this an ideal setting to test the effectiveness of the incentives. First, because the VA uses a single payment approach, we eliminated the problem of multiple payers or varying performance measures diluting the effect of the incentive or the performance targets. Second, VA physicians are salaried, ensuring that the rewards were a clear addition to their expected pay. And while the VA is a uniquely well-suited laboratory for this study, because the structure of the VA health care system is similar to other large delivery systems such as Kaiser Permanente and the Department of Defense, our findings are generalizable. Although VA enrollees are overwhelmingly male, there is little reason to believe that would have systematically biased the study findings.
Hypertension is a common, chronic condition, affecting approximately 70% of those 65 years and older, 37 requiring careful follow-up, adjustments to medication and lifestyle, effective patient-doctor communication, and treatment plan adherence. Inadequate blood pressure control results in excess cases of coronary artery disease, congestive heart failure, renal insufficiency, peripheral arterial disease, and stroke. 17 Even small reductions in blood pressure translate into significant reduction in risk of morbidity and mortality 17 and in systemwide costs. 38 This trial addresses the needs of policy makers and payers for information about a clinically relevant payment intervention in routine practice. Paymentsystem interventions are attractive because of their potential scale and reach. However, payment-system interventions are only one piece of the solution to improve management of chronic diseases such as hypertension. More resource-intensive, tailored, patient-level selfmanagement strategies may be needed to truly impact patient outcomes.
Individual financial incentives, but not practice-level or combined incentives, resulted in greater blood pressure control or appropriate response to uncontrolled blood pressure. None of the incentives resulted in greater use of guideline-recommended medications compared to controls. Further research is needed to understand the factors that contributed to our findings. Linear Regression Analyses of Post-Washout Physician Performance
Rewarded Clinical Measure
Study Group Unadjusted Difference in Physician
Performance, Estimated Median (IQR) a Difference in the Adjusted Mean Performance between
Each Incentive Group and Control Group (β Coefficient (95% CI))
Blood pressure control or an appropriate response to uncontrolled blood pressure Overall b
Model adjusted for differences in physician performance on the measure in the final intervention period, whether physician is white or black, and whether physician works in the northern or southern region of the US.
c Model adjusted for differences in physician performance on the measure in the final intervention period, proportion of male patients, whether physician works in the northern or southern region of the US, and ceiling effects.
